The emerging infectious disease chytridiomycosis is one of the major factors triggering global amphibian declines. A recently discovered species of chytrid fungus, Batrachochytrium salamandrivorans (Bsal), likely originated in East Asia, has led to massive declines in populations of fire salamanders (Salamandra salamandra) after its apparent introduction to the Netherlands and Belgium. Here, we report the first detection of this pathogen in Germany where it caused mass mortality of fire salamanders in a captive collection. Salamanders from this collection showed an almost 100% prevalence of infection with Bsal. Supposed Bsal-induced mortality occurred in multiple Salamandra species (S. salamandra, S. algira, S. corsica, and S. infraimmaculata), while Bsal infection was confirmed in nine subspecies of S. salamandra and in S. algira. Our study indicates that this pathogen can potentially infect all fire salamander species and subspecies. If Bsal spreads from captive collections to wild populations, then a similar devastating effect associated with high mortality should be expected.
infection by the fungus Batrachochytrium dendrobatidis (Bd) (Berger et al., 1998; Longcore, Pessier and Nichols, 1999) . Bd can infect and cause mortality in all amphibian orders (Anura - Berger et al., 1998; Caudata -Davidson et al., 2003; Gymnophiona -Gower et al., 2013) . Bd-infections have been detected in numerous amphibian populations in central Europe but so far have not led to detected mass mortality and declines (e.g., Garner et al., 2005; Ohst et al., 2011; Tobler et al., 2012; Spitzen-van der Sluijs et al., 2013 , 2014 . Recently, a new species of chytrid fungus, Batrachochytrium salamandrivorans (Bsal or Bs), was discovered in fire salamanders (Salamandra salamandra) . In contrast to Bd, this new pathogen has a narrower host range and is so far limited to Caudata. Compared to Bd, in tested newt and salamander taxa a higher pathogenicity causing mortality has been observed . Bsal is responsible for the collapse of the entire natural population of S. salamandra in the Netherlands (Spitzen-van der Sluijs et al., 2013) as well as for mass mortal-ity detected in a captive collection in the United Kingdom (Cunningham et al., 2015) .
Bsal is suspected to be endemic to Asia, and was recently introduced in Europe possibly through the amphibian pet trade . In Europe, current data suggests that the presence of Bsal in the wild is restricted to the Netherlands and Belgium. The possibility of the fungus spreading to neighbouring countries, such as Germany and France, seems to be high but so far no positive indication of Bsal could be found in these countries (Lötters et al., 2015) .
Recently, we have been informed by a German private amphibian keeper, who is specialized in keeping fire salamanders for almost 30 years, about high rates of mortality associated with skin lesions in his salamander collection (S. salamandra, S. algira, S. corsica, and S. infraimmaculata) (fig. 1 ). Among some other amphibian species, the collection consists mainly of approximately 200 salamander individuals representing all four distinct fire salamander species, i.e. S. algira from northern Africa, S. corsica from the island Corsica, S. infraimmaculata from the Near East and S. salamandra from all across Europe (twelve subspecies with origins ranging from Portugal to the Ukraine). Sporadic mortality episodes started in fall of 2014, and affected specimens of all four species. However, in spring 2015 mass mortality suddenly occurred, leading to a reduction of more than 50% of the individuals of the collection. Ulcerations as well as remains of shed skin were found in some individuals, while others did not show any typical symptoms of a chytrid infection. The most evident lesions seemed to be associated with skin shedding complications, which prompted the keeper to provide vitamin baths to the respective individuals with no effect. Alarmed by the high mortality and associated symptoms we assembled a team of different research groups to analyse and verify this potential case of Bsal in Germany.
Salamander individuals analysed here represent ten distinct subspecies of S. salamandra (originating from Portugal to Ukraine) and S. algira (from northern Africa) (see table 1). Until the epidemic outbreak, individuals were housed in separate glass terraria according to their population origin in non-acclimatized rooms.
Skin swabs, liver and kidney samples were taken from obviously infected individuals and were analysed for various sources of infection. Each laboratory analysed samples obtained from different individuals: i) in the laboratory of MV and SS (TU Braunschweig) 20 skin swabs were examined for Bsal and Bd; ii) in the laboratory of FP and AM (Ghent University) 15 skin swabs were analysed for Bsal and Bd, while 10 kidney and liver samples were examined for Ranavirus and Chlamydiaceae; iii) in the laboratory of FM (Exomed), three skin swabs were tested for Bsal and Bd.
Between the three labs, samples belonging to 38 individuals were analysed for the presence of Bsal and Bd, and ten for Chlamydiaceae and Ranavirus. Samples for determination of the presence of Bsal and Bd in living individuals were taken by skin swabbing, i.e. by rubbing the ventral surface 10 times with a synthetic cotton swab. Freshly dead individuals were sampled by removing a piece of the ventral skin. Samples were stored in 70% ethanol at −20°C until DNA-extraction. Before starting the extraction, swabs were air-dried and genomic DNA was extracted using the DNeasy Blood and Tissue kit, following the manufacturers' protocol for gram-positive bacteria. The extracted DNA was processed through quantitative real-time polymerase chain reaction (RT-PCR) according to Blooi et al. (2013) for the presence of Bd and Bsal in all three laboratories. At Exomed sampled individuals were additionally analysed histologically. Kidney and liver tissue samples were also tested at Ghent University for the presence of Chlamydiaceae and Ranavirus following the protocols of Mao et al. (1997) and Martel et al. (2012) .
At TUBS, a total of 20 samples were analysed all of them (100%) being positive for Bsal, while testing negative for Bd. The Log(10) Genomic Equivalent (GE) loads per swab varied from −0.70 to 4.35 (table 1) , with 85% of the samples having a load surpassing the one which induced 100% mortality in S. salamandra within 15 days under experimental conditions (1.74 +/− 0.12; see Martel et al., 2014) . The 15 samples processed at Ghent University also tested positive for Bsal (100%). Here, the Log(10) GE loads per swab varied from 0.70 to 4.36 (table 1), with 86% of the samples having a load causing 100% mortality in S. salamandra under experimental conditions. All individuals tested negative for Bd, Chlamydiaceae and Ranavirus. From the three samples analysed at Exomed, two tested positive for Bsal (S. s. gal- Our independent analyses unambiguously reveal the first evidence of a highly pathogenic infection of Bsal in Germany, found in a private collection of fire salamanders in central Germany (Hesse). Although it is not clear whether the infection would take a similar devastating course under natural conditions, the fact that all members of fire salamander species (S. algira, S. corsica, S. infraimmaculata and S. salamandra) showed mortality combined with the confirmation of Bsal in S. algira as well as in numerous subspecies of S. salamandra covering the whole species range across Europe, is very alarming. Our results suggest that all members of fire salamanders and many of their subpopulations in Europe, North-Africa and the Near East are highly susceptible to Bsal-induced mortality. We hypothesize that the introduction and spread of the pathogen into the native ranges of Salamandra-species and closely related taxa could lead to a collapse of many, if not all populations in the near future.
The origin of Bsal in the collection under investigation is unknown; Bsal may have been introduced through salamanders that were acquired from an external source with unclear origin of country one year before, as at this time Bsal-induced mortality has started (see above). However, it is unclear why Bsal did not cause mass mortality much earlier. In any case, it must be assumed that Bsal is also present in other private or professional collections across Germany and possibly also in other European countries (Cunningham et al., 2015) . The presence of Bsal and other amphibian pathogens in captive collections (Spitzen-van der Sluijs et al., 2011; Kolby et al. 2014; Martel et al. 2014; Cunningham et al., 2015; Havlikova et al., 2015) calls for increased biosafety (Fisher and Garner, 2007) . Biosafety should have various components (Fisher and Garner, 2007) . First, there is a need to systematically test captive collections for the presence of Bsal, especially if ill or dying individuals are showing the typical symptoms of a Bsal infection (e.g. ulcerative lesions). Second, another important issue is the current lack of proper biosafety measures in private collections (e.g. general quarantine rules, if new individuals are introduced into an existing collection) as well as the continuing introduction of pathogens, such as Bsal into private and professional collections via the pet trade . Therefore, stringent quarantine measures are recommendable before in-troducing any new specimens to existing collections, and proper and routine entry controls for infectious diseases should be implemented for any amphibian species imported before releasing these shipments to the market. Third, until now there are no regulations nor protocols on how to handle the disposal of waste and contaminated material such as earth, water, plants, etc. from containers, in which infected individuals were housed. Here, it will be necessary that herpetological societies, such as the German Herpetological Society (DGHT), get involved and together with veterinary state authorities work out efficient action plans for captive breeders, if a collection gets infected. This should also include the possible treatment of infected individuals. After identification of the Bsal infection in the collection under investigation, for example, diseased individuals were exposed to a temperature of 25°C (Blooi et al., 2015) leading to an apparent reduction of the mortality in a fraction of the individuals after only one week.
It is likely that the pet trade has been the gateway for the spread of pathogens such as Bsal (Spitzen-van der Sluijs et al., 2011; Kolby et al., 2014; Martel et al., 2014; Cunningham et al., 2015) , and there is a risk that hobbyists could further contribute to the spread of pathogens, even on other continents with a highly susceptible salamander diversity (e.g. Yap et al., 2015) . A responsible behaviour of pet keepers, with strict adherence to basic biosafety rules, is therefore of utmost importance. More information of pet keepers is necessary (e.g., Schmidt, 2014) .
On the other hand, we emphasize that private keepers should not be seen just as part of the problem but will also be key players in finding possible solutions. Collaborations between private pet keepers and scientists may benefit amphibian conservation. For example, the affection and attention dedicated to his salamander collection motivated the keeper of the infected collection to get in touch with us, leading to the important detection of Bsal in Germany. More generally, private pet keepers can also play a key role for monitoring the occurrence of this and other pathogens. Reporting sick salamanders may enable scientists to identify the pathways of the spread of Bsal and other pathogens. Furthermore, we know from human diseases that early responses make disease outbreaks controllable (Fraser et al., 2004) . For amphibian pathogens, early detection of amphibian pathogens in captive and wild populations is likely to be the key for successful mitigation (Voyles et al., 2014; Langwig et al., 2015) .
